A novel bacterial strain, designated HSLHS2
Strain HSLHS2
T was isolated from seawater of a tropical mangrove forest in Hainan province, China. The 16S rRNA gene sequence analysis indicated that strain HSLHS2
T may be a putative new species within the genus Marivivens [1] , which was proposed and affiliated to the family Rhodobacteraceae within the class Alphaproteobacteria. At the time of writing, the genus Marivivens comprises only one validly published species, Marivivens donghaensis. The aim of the present work was to determine the phylogenetic position of strain HSLHS2
T by using a polyphasic approach.
Surface seawater of tropical mangrove forest (110 34¢ E, 19 58¢ N) was obtained in May 2010. Appropriate dilutions of seawater were plated on marine agar 2216 (MA; BD) and incubated at 28 C for 5 days. After primary isolation and repurification, strain HSLHS2
T was stored at À80 C in marine broth 2216 (MB; BD) contained with 20 % (v/v) glycerol, and subjected to biochemical and physiological characterization with the same medium. Genomic DNA was extracted from 24 h culture using the AxyPrep Bacterial Genomic DNA Miniprep Kit (Axygen Biosciences) according to the manufacturer's instructions. The 16S rRNA gene was amplified by using PCR with the primer pairs 27F/1492R [2] . The almost-complete 16S rRNA gene sequence of strain HSLHS2
T was submitted to the GenBank database. Sequences of closely related taxa were obtained from the GenBank database. Phylogenetic trees of 16S rRNA gene sequences for strain HSLHS2
T and reference strains were generated using the software MEGA version 5.05 with distance options according to Kimura's two-parameter model [3] and clustering with the neighbour-joining (NJ) method [4] , maximum-likelihood (ML) [5] and minimum-evolution (ME) methods [6] , with bootstrap values based on 1000 replications.
A nearly full-length 16S rRNA gene sequence (1394 bp) of strain HSLHS2
T was obtained (GenBank accession number: KY020996). Strain HSLHS2
T was found to exhibit the highest 16S rRNA gene sequence similarity to C. halophilus ZXM137 T (95.4 %), followed by Celeribacter indicus P73 T (95.2 %) and M. donghaensis AM-4 T (95.1 %) in the family Rhodobacteraceae, and corresponding sequences were retrieved by using the EzBioCloud server [7] . Strain HSLHS2
T formed a distinct phyletic lineage and coherent phylogenetic cluster associated with M. donghaensis AM-4 T (Fig. 1) . This topology was also confirmed by the ME and ML trees (Figs S1 and S2, available in the online version of this article). According to a threshold value of 98.7 % of 16S rRNA gene sequence as bacterial species delineation [8] , strain HSLHS2
T should represent a novel species of the genus Marivivens.
Gram-staining was performed using a Gram-staining kit (Hangzhou Tianhe Microorganism Reagents) following the manufacturer's instructions. The morphology and flagellation pattern of cells were observed by transmission electron microscopy (JEM-1230, JEOL) after cells were negatively stained with 1 % (w/v) phosphotungstic acid. A few cells were harvested from the MA plate, and dropped in paraffin 
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Amaricoccus kaplicensis Ben101 T (U88041) film after suspension in 1 % (w/v) phosphotungstic acid and gently transfer to the copper grids, absorbed for 1-2 min, and the grids were examined after being air-dried. Catalase and oxidase activities were determined by bubble production in 3 % H 2 O 2 (v/v, Sangon Biotech) solution and the oxidation of 1 % N,N,N',N'-Tetramethyl-1,4-phenylenediamine (w/v, BioM erieux). Gliding motility was tested according to a previously described method [9] . The temperature range for growth was determined in MA at 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 C. The pH range for growth was determined in MB adjusted to pH 3.0-11.0 (at 1 pH unit intervals) with citrate/phosphate (pH 3.0-7.0), Tris/HCl (pH 8.0-9.0) or sodium carbonate/sodium bicarbonate (pH 10.0-11.0) buffers. The tolerance range for salts was tested at 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12 and 15 % NaCl (w/v) in MB prepared according to the formula of the BD Difco medium except that NaCl was added at appropriate concentrations. Growth was determined by measuring the optical density (OD 600 ) of cultures grown at various temperature, pH and NaCl concentration with time course.
Growth under anaerobic conditions was determined on MA for 7 weeks after incubation in an anaerobic jar with the Anoxomat Mark II Anaerobic System (Mart Microbiology). Hydrolysis of starch, casein, protein, esterase and Tweens 20, 40, 60 and 80 were tested on MA plates supplemented with 0.2 % soluble starch, 0.1 % casein, 0.1 % skimmed milk powder, 0.1 % esterase and 1 % (v/v) Tweens 20, 40, 60, 80 according to standard methods [10] . The API 20NE, API 20E, and API ZYM (bioM erieux) tests were carried out according to the manufacturer's instructions, with the single modification of adjusting the NaCl concentration to 3.0 % in all tests. The culture collections for reference strains which compared of physiological and chemotaxonomic characteristics were the same as for strain HSLHS2
T . Detailed results of the phenotypes are presented in Table 1 and in the species description.
Fatty acids of cells grown on MA medium at 28
C for 48 h in the middle of exponential phase were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol T . All data were obtained from this study, expect for the cell shape and DNA G+C contents of the reference strains that were taken from the original species descriptions [1, 15] . All strains are positive for activity oxidase and catalase; reduction of nitrate; hydrolysis of gelatin and esterase; activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, acid phosphatase, beta-galactosidase and b-galactosidase. All strains are negative for: Gram stain; motility; hydrolysis of urea, casein, protein, starch and Tweens 20 (NA for KCTC 42776 T ), 40, 60, 80; indole production; activity of cystine arylamidase, trypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase; fermentation inositol, sorbitol, rhamnose, amygdalin and arabinose; assimilation of L-arabinose, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, trisodium citrate and phenylacetic acid. Characteristics are scored as: W, weak; +, positive; À, negative; NA, no data available. *The data in parentheses were obtained from previously published data which differed from this study.
[11]. The fatty acids were then analysed by gas chromatography (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System. The fatty acid composition for reference strains were determined under the same conditions in this study. The dominant fatty acids of strain HSLHS2 T were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c, 62.5 %), C 16 : 0 (14.7 %). The fatty acid profile of strain HSLHS2
T was similar to M. donghaensis KCTC 42776
T , but different from C. halophilus LMG 24854 T (Table 2) . However, the proportion of C 10 : 0 3OH was significantly different between strain HSLHS2 T (3.3 %) and M. donghaensis KCTC 42776 T (13.5 %). Strain HSLHS2
T also possessed small percentage compositions which M. donghaensis KCTC 42776
T did not have, such as C 12 : 1 3OH, C 18 : 1 !9c, summed feature 2 and summed feature 5 ( Table 2 ).
Respiratory quinones were extracted according to Minnikin et al. [12] and analysed by high-performance liquid chromatography according to the protocol by Collins [13] . The quinone of strain HSLHS2
T was determined to be ubiquinone-10 (Q-10), which is typical in the vast majority of the class Alphaproteobacteria.
Polar lipids were extracted according to Minnikin et al. [12] and identified by two-dimensional thin-layer chromatography followed by spraying with the appropriate detection reagents [14] . The polar lipids compositions of strain HSLHS2
T and M. donghaensis KCTC 42776 T were determined in parallel under the same conditions in this study. The polar lipids of strain HSLHS2
T were identified as phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, three unidentified aminolipids, four unidentified lipids and five unidentified phospholipids (Fig. S4a) , which was similar to the reference strain KCTC 42776 T (Fig. S4b) .
The genome sequence of strain HSLHS2 T was determined by Shanghai Majorbio Bio-pharm Technology (Shanghai, China), and then submitted to the GenBank database with the accession number MSPP00000000. The DNA G+C content of strain HSLHS2
T was calculated as 54.6 mol% ( Table 1) .
More phenotypic results supported that the new isolate represented a novel species of the genus Marivivens. Both strain HSLHS2 T and M. donghaensis KCTC 42776 T were negative for the utilization of citrate, sucrose fermentation, enzyme activity of a-chymotrypsin, a-glucosidase, b-Galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and urease; assimilation of D-mannitol, Dmannose and malic acid; but strain C. halophilus LMG 24854 T was positive. In addition, strain HSLHS2 T and M. donghaensis KCTC 42776 T were positive for H 2 S production, but strain C. halophilus LMG 24854 T was negative ( Table 1 ). The phylogenetic, phenotypic and chemotaxonomic results presented above support the view that strain HSGLHS2
T should be assigned to the family Rhodobacteraceae. In summary, considering the low 16S rRNA gene sequence similarity (95.1 %) between strain HSLHS2 T and M. donghaensis KCTC 42776 T , its distinct branching position in phylogenetic analyses and the cumulative differences described above, our data support that strain HSLHS2 T should represent a novel species within the genus Marivivens, for which the name Marivivens niveibacter sp. nov. is proposed.
DESCRIPTION OF MARIVIVENS NIVEIBACTER SP. NOV.
Marivivens niveibacter (ni.ve.i.bac¢ter. L. adj. niveus white; N.L. masc. n. bacter rod; N.L. masc. n. niveibacter a white rod).
Cells are aerobic, Gram-stain-negative, non-flagellated, non-motile, short rods (0.6-0.8 µm wide and 1-1.8 µm long, Fig. S3 ). Colonies are white, circular, smooth, no halo, regular with entire margin, slightly raised in the centre and approximately 1-2 mm in diameter after 1 day incubation at 28 C on MA. Growth occurs at 5-40 C (optimum 35 C), at pH 6.0-10.0 (optimum pH 8.0) and in the presence of 0-10 % NaCl (w/v, optimum 2 %). Gelatin is weakly hydrolysed, but urea, casein, protein, starch, and Tweens 20, 40, 60 and 80 are not. Positive for catalase, oxidase and esterase activities and negative for anaerobic growth. In the API ZYM strip tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine aminopeptidase, T . All the data were obtained from this study under the same conditions. Data are expressed as percentages of total fatty acids. Fatty acids amounting to >1 % of the total fatty acids in all strains are shown. ND, Not detected; TR, trace amount (<1 %). Major components (>10.0 %) are highlighted in bold. 
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